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PROBLEM TO BE SOLVED: To provide a method for producing acrylic acid in a high yield by oxidizing 
propane. 

SOLUTION: A metal oxide obtained by supporting a compound including an element B (B is one or more 
kinds of elements selected from Na, K t Rb, Ds, P and As) as a constituting component, on a metal oxide of 
the formula MoVISbJAK (I, J and K are each 0.001 -3.0) made of metal Mo, V, Sb, and A (A is one or more 
kinds of elements selected from Nb, Ta, Sn, W, Ti, Ni, Fe, Cr and Co), and thereafter firing the supporting 
metal oxide is used as a catalyst in the method for producing acrylic acid from propane and oxygen gas by a 
gas-phase catalytic oxidation. 
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Japan Kokai 96-120,617 
Issued: 5/12/1998 
Applied: 10/21/1996] 

To: Takahashi (East Asia Chemical Co., Inc.) 
Synthesis of acrylic acid from propane 

Claim: 

(1 ) Production of acrylic acid by means of vapor phase heterogeneous catalytic 
oxidation of propane with oxygen is featured by using supported metallic oxides 
comprising of Mo, V, Sb, and A (A = Nb, Ta, Sn, W, Ti, Ni, Fe, Cr or Co) with 
following composition: 

MoViSbjA k B (1) 
where i, j, and k equals to 0.001 to 3.0, respectively, and B is one or more of 
elements Na, K, Rb, Cs, P, and As. 

Background: 

There have been many proposals for vapor phase heterogeneous catalytic 
oxidation of propane to acrylic acid, using, e.g., V-P-Te (Catal. Today, 1992, 1_3 
679), (VO) 2 P 2 0 7 {Nippon Kagaku Kaisai, 1.992, (4) 354), AgBiVMoO (Japan 
Kokai, 91-83,348), BiMo^Nbo.sSbKOnTlISP 5,198,580), Sb-P-Mo (USP 
4,260,822), (VO) 2 P20 7 +Te0 2 (Japan Kokai, 96-135,922), and MoTeVNb (Japan 
Kokai, 96-279,351). 

Goal of Invention: 

With the above-mentioned catalysts, the yield of acrylic acid as targeted product 
is low. Besides, the reaction mode is complicated, as gas-phase radical 
reactions proceed concurrently, so that there is difficulty in practicing. The 
catalyst used in the Japan Kokai 96-279,351, MoTeVNb, gave a rather high 
acrylic acid yield, but the side reactions leading to the formation of acetic acid, 
CO, and C0 2 also occurred, so that the selectivity towards acrylic acid from 
propane remains to be improved. The catalyst of BiMoVNbSbK in USP 
5,198,580 also needs further improvement in selectivity. 

Method involved in the Invention: 

After intensive investigation, a method for producing acrylic acid from propane 
with high selectivity and high yield was found. The catalyst used in this invention 
is described in formula (1 ). Later details will be disclosed for this invention. 

It is preferable to use Nb or Ta for A, and to have i, j, and k in the range of 
0.1-0.5, respectively. Refer to the composition of Mo as 1 , when that of V 
exceeds 3. the combustion reaction will be increased considerably. And the 
conversion of propane will be decreased when the composition of V exceeds 3. 
If the relative composition of A exceeds 3, the conversion and the selectivity 
toward acrylic acid will be lowered. Besides, if the relative compositions of Sb 
and A are less than 0.001 , the conversion of propane and selectivity to acrylic 
acid will be poor. 
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«. peabove-mentioned supported oxides can be prepared in conventional 
method That is, Mo compound, V compound, Sb compound, and compounds of 

metal are dissolved or dispersed in water or alcohol and mixed The solvent 
can be removed by evaporation to dryness or spray drying, and the residue is 
calcined to 300-700°C. Acids, like HCI or nitric acid, and oxidizer like H 2 0 2 are 
recommended to add to the aqueous solution of the metallic salts. Calcination is 
preferred to be earned out in streams of inert gases as Ar, N 2 , or oxygen 
containing gases as air or pure oxygen. The calcination time 'is from 1-20 h 
Oxides, chlorides, hydroxides, nitrates, oralkoxides can be used as precursor for 
the catalyst. 

For Mo, molybdic acid, ammonium molybdate, and molybdena can be 

ForV, V pentoxide, ammonium metavanadate can be used. 
For Sb, Sb chloride, Sb acetate, Sb trioxide can be used. 
For Nb, niobic acid, Nb acid oxalate, Nb oxide, Nb chloride can be used 
For Ta, tantalic acid, tantalum oxide, Ta chloride, Ta ethoxide can be 
used. 

For Sn, Sn oxide, Sn hydroxide, stannous chloride, stannic chloride, or Sn 

oxalate can be used. 
For W, tungsten oxide, tungstic acid, W chloride, ammonium 

paratungstate can be used. 
For Ti, ammonium titanium oxalate, Ti butoxide, Ti chloride can be used 
For Ni, Ni nitrate, Ni oxalate, Ni chloride can be used. 
For Fe, Fe nitrate, ferric chloride, Fe hydroxide can be used. 
For Cr, Cr nitrate, Cr chloride, Cr oxide can be used 
For Co, Co nitrate, Co acetate, Co hydroxide, Co chloride can be used. 

The above supported oxides are ground to suitable size, either by dry 
gnnding or by wet grinding. As grinding equipment, mortar/pestle or ball mill can 
be used. It is preferable to grind the oxides to below 20 um, more preferable to 
below 5 .um. When wet grinding is adopted, the compound of B is dissolved in 
water or alcohol, and added to the grinding equipment together with the metallic 
oxide. 

♦ v. Jn e at0m ' c rati0 of B * relative t0 Mo as 1 - is °- 001 to 0-3, and is preferable 
to be 0.002 to 0.1. Below an atomic ratio of 0.001, the selectivity to acrylic acid 
will be low; meanwhile, that exceed 0.3 will cause the active surface of the 
catalyst to be covered with B oxide, leading to low conversion of propane Na 
carbonate, Na bicarbonate, Na nitrate, NaOH or Na oxide are all examples of Na 
containing compounds; KOH, K bicarbonate, K carbonate, K nitrate, K acetate or 
K oxide are examples of K containing compounds; RbOH, Rb carbonate, Rb 
nitrate, and Rb oxide are examples for Rb containing compound* Cs oxide Cs 
carbonate, Cs acetate, Cs hydroxide, and Cs nitrate for Cs containing compound- 
phosphoric acid, P pentoxide, ammonium monohydrogen phosphate for P 
containing compound; As chloride, As trioxide, or As pentoxide for As containing 
compound. K, Rb, and P are preferable to be used as B in catalyst 
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The B compound is dissolved in water or other organic solvents, giving a 
solution of 0.1-1.0 moles/L, and mixed with mixed metallic oxide powder. For 
each 100 parts by weight of metallic oxide support, 20-50 parts by weight of the 
solution containing B is used. The mixture is mixed as uniform as possible. The 
solvent is removed by evaporation, and the residue is calcined at 300-500°C for 
1-5 h in air or N 2 atmosphere, preferably in N 2 . The catalyst thus obtained can 
be used without other carrier, or with Si0 2 . Al 2 0 3 , silica-alumina, or Si carbide of 
suitable grain size as carrier. 

As oxidant, air or pure oxygen can be used, and can be diluted with N 2 , steam or 
C0 2 . When air is used with propane, their volume ratio could be less than 30,' 
preferably 0.2-20. The temperature for reaction is preferable to be 300-600°C 
better 350-500°C. Space velocity for feed gas is 300-5000 h* 1 . 

(2) Example for catalyst preparation: 

4.07 g V 2 0 5 is added to 100 mL distilled water with stirring. 26.4 g of 35% H 2 0 2 
is dropped to dissolve the V 2 0 5 . To this solution, 5.43 g Sb 2 0 3 is added and 
refluxed for 8 h to form a slurry. In another beaker, 1 1 .27 g oxalic acid and 2.77 
g niobic acid is dissolved in 180 mL distilled water with heating. The Nb 
containing solution, together with 26.31 g ammonium molybdate, are added to 
the slurry and stirred at 50°C for 30 min. The mixture is evaporated to dryness 
further dried at 120°C for 3 h, and calcined at 600°C in N 2 for 2 h. The mixed 
oxide obtained is ground in a ball mill. A mixed oxide of Mo:Sb:V:Nb is analyzed 
by XRF to have an atomic ratio of 1 .0 : 0.25 : 0.3 : 0.12. To 5.0 g. of this mixed 
oxide, a solution of 0.30 g K bicarbonate in 1 g of distilled water is added and 
ground to 16-30 mesh size. This is analyzed by XRF to have an atomic ratio of 
MO : Sb : V : Nb : K = 1.0 : 0.25 : 0.30 : 0.12 : 0.013. The catalyst is loaded into 
reactor, which is maintained at 400°C. A test gas mixture of 4.4 vol.% propane 
7.0 vol.% 0 2l 26.3 vol. % N 2 , and 62.3 vol. % steam is passed through the 
reactor at space velocity of 1600 h' 1 . Results at a reaction temperature of 400°C 
(except Ex. 2, the temperature is 420°C) is shown in Tab. 1 



Tab. 1 





Promoter 


Conversion 
% C3H3 


Selectivity, % 






acrylic acid 


acetic acid | 


C3HQ 


Ex. 1 


KHC0 3 


27.1 


69.7 


4.6 j 


12.3 


Ex. 2 


KHCO3 


38.8 


63.9 


4.8 | 


11.5 


Ex. 3 


(NH 4 ) 2 HP0 4 


25.3 


62.0 


7.4 | 


18.0 


Ex. 4 


RbN0 3 


23.6 


66.3 


4.5 | 


19.3 


Ex. 5 


KHC0 3 +(NH 4 ) 2 HP0 4 | 


25.7 


67.1 


4.3 | 


17.9 



In Tab. 1 , for the Ex. 3, 0.03 g of (NH 4 ) 2 HP0 4 is used in place of KHCO3 and in 
Ex. 4, 0.044 g RbN0 3 is used. In Ex. 5, 0.030 g KHCO3 is dissolved in 1 g of 
distilled water and thoroughly mixed with 5 g of the mixed oxide catalyst dry the 
mixture at 120°C for 1 h. Second promoter 0.40 g (NH 4 ) 2 HP0 4 is dissolved in 1 g 
of distilled water and thoroughly mixed with the dried oxide. The wet mixture is 
calcined at 350°C for 2 h and is ready to be used. 



When 5 g. of the MoSbVNb catalyst in the above example is used at 400°C at 
different space velocities, results are shown in Tab. 2 



Tab. 2 



Comparative 
example 


Space 
velocity, h-1 


Conversion, 
% C3H8 


Selectivity, % 


acrylic acid 


acetic acid 


QjH 8 


1 


3200 


25.2 


60.3 


8.6 


18.6 


2 


4800 


17.8 


59.2 


7.2 


27.1 



Comparative example 3: 

12.3 g of ammonium metavanadate is dissolved with heating in 259 mL of 
distilled water, 12.7 g of Sb203 is added to the solution and refluxed for 12 h to 
give a slurry. 26.3 g of oxalic acid and 6.5 g of niobic acid are dissolved in 180 
mL distilled water with heating to yield a solution containing Nb. To the above- 
mentioned slurry, 61 .0 g ammonium molybdate, 0.040 g (NKUfeHPO* and the Nb 
containing solution are all added and stirred for further 30 min. The mixture is 
evaporated to dryness, further dried at 120°C for 3 h, and then calcined in N 2 at 
600°C for 2 h. This mixed oxide containing V, Sb, Mo, Nb, and P is ground in a 
ball mill. With this powdered catalyst (Mo : Sb : V : Nb : P = 1.0 : 0.25 : 0.3 : 0.11 
: 0.013), at a temperature of 400°C, and space velocity at 1600 h-1 with the 
above-mentioned test gas, results are shown in Tab. 3 



Tab. 3 



Comparative 
example 


Metal compo- 
sition 


Conversion, 
% C3H8 


Selectivity, % 


acrylic acid 


acetic acid 


C3H6 


3 


Mo/V/Sb/Nb/P = 
1/0.3/0.25/0.11/0.013 


7.3 


15.8 


9.9 


39.6 


4 


Mo/V/Sb/Nb/K = 
1/0.3/0.25/0.11/0.013 


10.5 


37.5 


8.5 


23.9 


5 


Mo/V/Nb/K = 
1/0.3/0.11/0.013 


18.9 


7.3 


20.3 


17.0 



For the comparative example 4 in Tab. 3, 0.03 g KHCO3 is used for the 
preparation of catalyst in place of (NH 4 )2HP0 4 . For the comparative example 5 
in the Tab. 3, the catalyst is prepared just like that for comparative example 3, 
except that 61.0 g ammonium molybdate is added to the dissolved metavanadate 
solution instead of Sb 2 0 3 . The solution containing V and Mo is mixed with the 
solution containing Nb only. To the calcined and powdered mixed oxide 
containing V, Mo, and Nb, 0.030 g KHCO3, dissolved in 1 g distilled water is 
added and well mixed. After drying at 120°C (1 h) and calcining at 350°C (2 h), 
the promoted mixed oxide catalyst is ground to 16-30 mesh size. The test 



4 



temperature for this catalyst is 380°C instead of 400°C. This catalyst without Sb 
shows very low selectivity to acrylic add. wimout bo 



5 



